Since chlamydial agents were first recognised as a cause of polyarthritis in lambs222 302 they have been found to cause similar diseases in calves188' 305 and swine.187 Chlamydial infections leading to polyarthritis in lambs and calves and the nature of the causative agent have been extensively investigated. 75, 222, 289, 303, 304 We shall analyse in this report the properties that distinguish chlamydial strains with arthropathogenic potential and the critical events in the pathogenesis of this infection.
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Differentiation of arthropathogenic chlamydiae
The strains of Chlamydia psittaci isolated from joints, conjunctiva, blood, visceral organs, or intestines of lambs and calves affected with polyarthritis have antigenic and biological properties that distinguish them from other C. psittaci strains.299' 30 Antigenic differences have been demonstrated between ovine and bovine chlamydial strains that cause abortions and those that cause polyarthritis.270' 271 2 Using strain-specific serum neutralisation testing, it was seen that all polyarthritis-producing Chlamydiae, whether from cattle or sheep, share an antigen which allows these chlamydial strains to be placed into serotype 2. Serotype 2 strains have been isolated only from animals affected with polyarthritis or conjunctivitis. Strains of C. psittaci isolated from cattle and sheep with clinically inapparent intestinal infections or abortions were placed into serotype 1.
When mouse L cells were infected with serotype 2 strains and stained by the Giemsa method inclusions were detected after 18 hours as irregular patches of reticulate bodies in the perinuclear region. The inclusions developed outward from this region to form compact areas of chlamydial forms and lobed or diffuse areas in which the chlamydiae developed interspersed with host cytoplasm. The inclusion membrane separated the pleomorphic inclusion of the prokaryotic parasite from the eukaryiotic cytoplasm at all times. When a young monolayer with dividing cells was infected with a serotype 2 strain, so that a high percentage of the cells developed inclusions, many infected dikaryons were formed early in the infection. The ability to induce dikaryons has been observed only with the serotype 2 strains and represents a unique effect on the cytoskeletal apparatus of the host cell. Furthermore, the strains altered the cytoskeleton of all infected cells late in the developmental cycle, causing host cells to round up as the inclusions matured.293
All Chlamydiae are relatively inefficient in infecting cultured cells in monolayers.306 Several methods have been used to promote infectivity of serotype 2 strains. The most effective method was centrifugation of chlamydial elementary bodies on to the host cells. The L cell infectious units of a yolk-sac-propagated serotype 2 strain were 75 times higher when the titre was measured by centrifugation instead of stationary adsorption. The lag time before inclusions were visible was longer in centrifuged cells. Inclusions induced by serotype 2 strains were not large enough to be counted until after 40 hours, whereas inclusions in uncentrifuged monolayers could be counted earlier. The significance of the longer lag time is not known.
Another method that is often used to enhance chlamydial infectivity is to treat cell monolayers with the polycation DEAE-dextran (DEAE-D) before adding the inoculum.149 An average of nine times the number of cells were infected by serotype 2 strains in DEAE-D-treated compared with untreated monolayers.293 However, the yield of infectious progeny per infected cell from DEAE-D-treated monolayers was smaller. In contrast, DEAE-D had little effect on the number of inclusions formed or the yields of a serotype 1 abortion strain of C. psittaci. The ability of serotype 2 strains to form inclusions in almost 10 times more cells ofmonolayers treated with DEAE-D is an important biological marker for these chlamydiae (Table) .
Cycloheximide has also been used to enhance development of several types of C. psittaci, probably by depressing protein synthesis of the eukaryotic host cell to provide the chlamydiae the use of a larger Three days after parenteral inoculation of lambs serotype 2 chlamydiae could be isolated from specimens of several joints, although gross lesions were minimal. Hip, knee, shoulder, and elbow joints of lambs examined seven days after had moderate to severe inflammatory changes, and chlamydiae were isolated from these sites. Involvement of most joints of the experimental lambs was evident at 21 days. Chlamydiae were isolated from affected joints at this time. Twenty-eight days after inoculation,239 303 however, cultures of synovial fluids were all negative for infectious agents.
Significance ofintestinal phase ofinfection
Oral exposure is an important route of infection under natural conditions.3Y Intestinal infection and penetration of the intestinal mucosa was studied in calves after oral inoculation with a serotype 2 strain.85' 86 Infection and multiplication occurred in the mucosa of the abomasum and the small and large intestine, causing primary diarrhoea. Newborn calves often died from this primary diarrhoea. Calves 7 days old at the time of inoculation survived the primary diarrhoea and developed polyarthritis and polyserositis. Chlamydiae were recovered from the blood and the affected synovial tissues 4 to 25 days after oral inoculation.
Fluorescent antibody tracings and electron microscopic studies revealed that intestinal epithelial cells on the tips of the villi and on the intervillous zones were infected, but a few cells in the crypts of Lieberkiihn and the transition zones also contained chlamydial inclusions. Leucocytes Sexually mature rams that were inoculated parenterally developed chlamydaemia and polyarthritis. About five to seven days after inoculation, when chlamydaemia ceased, they excreted chlamydiae in semen and continued to do so for extended periods. The semen quality deteriorated and became purulent.301 chlamydiae were isolated from testicles, epididymis, and from the accessory sex glands.
Some of the calves developed serositis of peritoneal and pleural cavity surfaces after oral or parenteral inoculation. The visceral organs were then covered with a thin layer of fibrinous frosting.
Discussion and conclusions
Chlamydial agents of serotype 2 were isolated from lambs and calves affected with polyarthritis, conjunctivitis, and intestinal infections. Disease identical to the naturally occurring one was induced by subcutaneous, intramuscular, intravenous, intraarticular, or oral exposure. These investigations identified chlamydiae of serotype 2 as a unique and important pathogen that has specific arthropathogenic properties which were not detected in chlamydiae associated with other disease conditions of cattle and sheep. This agent also induced polyarthritis in dogs, but it has not been tested in other animal species. Chlamydiae isolated from joints of arthritic swine have not been sufficiently characterised, and comparative investigations are needed.187 The chlamydial infections described present unique models to study the pathogenesis of infections leading to polyarthritis.
Intestinal infection was recognised as an important initial step in the pathogenesis of chlamydial polyarthritis. This infection was cytocidal for a wide range of different intestinal epithelial cells as well as macrophages and endothelial cells. The loss of cell functions and the accelerated cell death induced increased cell turnover and primary diarrhoea that was particularly severe in the young. 
